In tuberculosis, the obvious, known as empiricism, has frequently been correct in generalities; but painstaking, scientifically controlled investigation becomes necessary to disclose the finer mechanisms and to clarify facts, the explanation of which has bordered at times on no more than mere speculation. Again, faulty methods may lead to faulty deductions or to deductions which are worthless because they are based on faulty premises or tests. In point, a statement made in 1942 in an article entitled "Immunity in Tuberculosis,"16 evidently based on good reasoning and certain literature, states "The action of living bacilli in creating immunity and stimulating healing may be initiated by dead bacilli. Bacillary proteins (tuberculin) are recognized as the active factors in producing these effects. Tuberculin will not produce all of the reactions of the tubercle bacillus, but when used therapeutically will produce many of the effects which are necessary to healing. It has a logical basis for use, though it is not a perfect immunizing agent." Yet not one point of these statements is borne out by scientific evidence.
The earliest controlled experimental data on the significance of specific immunity in tuberculosis were obtained by Robert Koch, who accurately described the changes in animals consequent to such immunity. Then followed the confusion incident to tuberculin, its multiple forms, and exploitations as a therapeutic agent. By 1912, Paul Roemer defined specific immunity in animal experiment more accurately. He noted that the injection of dead bacilli did not produce it, but he believed the tuberculin hypersensitive reaction was responsible for its production in some way. This latter view was expressed also by Allen Krause and his colleagues on the basis of extensive experiments from 1920 to 1926, and Calmette did not present any evidence in his exhaustive studies with BCG to refute such a view.2 In 1936, as a result of the study of the behavior of tubercle bacilli within the body,'0 evidence was presented to verify the existence of a beneficial specific immunity in tuberculosis and its production by means of viable avirulent tubercde bailli but not by heat-killed tubercle bacilli. Viable avirulent human or bovine (BCG) tuberde bacilli did not produce progressive lesions in man but lost their viability. The reactions to viable avirulent tubercle bacilli in man and animals show a sequence of changes upon repeated injeCtionS.11 ' 14 In 1939, it was recorded that specific immunity against infections with virulent human tubercle bacilli could not be produced by Seitz filtrates from cultures of virulent human tuberde bacilli, by highly concentrated (ultradialysis) filtrates, or by the precipitated tuberculoprotein or alum-treated filtrate. The highly concentrated filtrates, or precipitated tuberculoprotein, possess no appreciable primary toxicity for normal animals. However, they do sensitize anaphylactically. The production of cutaneous hypersensitiveness to tuberculoprotein requires a small amount of avirulent tuberde bacilli, a large amount (100 mg.) of heat-killed tuberde bacilli, and a very small amount of virulent tuberde bacilli (multiplication and tuberculous involvement being factors with the latter).
In 1940,5 it was pointed out that after a proper incubation period tuberculous and bacillary injected animals given injections of filtrate do not die in anaphylactic shock but die protractedly from allergic intoxication. The two reactions, anaphylactic and allergic, were demonstrated to co-exist in the same animal. It appeared then that specific anaphylaxis plays no significant role in experimental tuberculosis, while the intoxication was closely related to specific allergy, whether due to tuberculin or bacillary body was not dear. It was further noted3 that the bacillary body sensitizes primarily to tuberculo-allergy and serves to immunize against virulent infection, while the natural filtrate containing tuberculoprotein sensitizes to anaphylaxis and provokes anaphylactic shock and allergic intoxication, but does not sensitize to allergy nor specifically immunize against virulent infection. Tuberculo-anaphylaxis, tuberculo-allergy, and tuberculo-immunity show distinctive characteristics which led to the conclusion that they are separate and apparently unrelated biologic phenomena. The skin reaction (allergic) may be absent entirely in guinea-pigs which still retain their specific tuberculosis immunity.12 Desensitization with filtrate (tuberculoprotein) to the skin (tuberculin) reaction exerts no influence upon the specific tuberculosis immunity. In 1941, it was noted1" that the specific toxicity of tuberculosis cannot yet be definitely stated, because we lack information regarding the part played by the products of tuberde bacilli liberated in vitro (natural filtrate containing tuberculoproteintuberculin9) but apparently not liberated in appreciable amounts in vivo. Desensitization with these products presents a fascinating problem. The evidence obtained would seem to question whether the active constituent of in vitro natural filtrate from the growth of tubercle bacilli is liberated in vivo. In spite of this, desensitization of bacillary tuberculo-allergically sensitized animals (prepared with either avirulent or virulent human tuberde bacilli) can be accomplished by appropriate treatment with natural tubercul-filtrate (tuberculoprotein-tuberculin) when it is used in relatively small, primarily non-toxic, amounts. Under these conditions, animals thus prepared do not show a local specific skin reaction to tuberculin and are likewise protected against a lethal general tuberculo-allergic shock intoxication. This protection can be transferred to a tuberculo-allergic sensitive animal with the blood from a desensitized tuberculo-allergic animal. Tuberculo-desensitization with primarily non-toxic amounts of tuberculoprotein exerts no beneficial or detrimental effect upon tuberculosis or upon specific tuberculosis immunity. However, recognizing the fact that practically all evidence indicates that tuberculin plays no part in natural tuberculosis and that apparently it is not liberated in vivo (in contrast to the in vitro findings), it would seem highly desirable to note further how the phenomena with tuberculin, such as tuberculin allergic immunization (desensitization) and tuberculin allergic intoxication, may come into the picture of tuberculosis which appears practically to be closely bound up, not with tuberculin allergic effects, but rather with tuberculo-bacillary allergic effects. Present Table I that tuberculin given to infected guinea-pigs, begun with infection and in In an earlier report, it was noted that the life of specific immune and intravenously heavily infected guinea-pigs was prolonged by appropriate tuberculin treatment, and the part played by tuberculous allergic intoxication in this was observed. In view of these findings, it was felt that tuberculin treatment should also be tried on a series including not only specific immune guinea-pigs but also infected guinea-pigs not previously immunized as controls and sirnilar guinea-pigs not deliberately immunized but treated with tuberculin. The intravenous infecting dose should also be sufficiently large (0.01 mg.) to exclude the possibility of the development of a specific tuberculo-immunity which would interfere with interpretation and such as might possibly develop naturally after one or two months in a slowly progressive disease.
Such an experiment is illustrated in Chart 1, which expresses the results obtained with four different groups of guinea-pigs. Group 4. Treatment similar to that given group 3; also given subcutaneously 0.5 cc. of natural filtrate (tuberculin) twice weekly; initiated at the time of vaccination and continued throughout the experiment to prevent the development of allergic tuberculin hypersensitiveness due to the vaccinating injection and, later, the virulent infection. Contrary to the findings recorded in Chart 1, where there was either no effect of tuberculin treatment or a slight beneficial effect on the life span, the prolonged use of the tuberculin as maintained in this experiment with smaller infecting dose and -resultant less progressive disease exerted a detrimental effect on the life duration. This is evident from the average reduction of life from 125 to 91 days in the infected as compared with the infected treated amals, and the average reduction of life from 238 to 210 days in the specific (vaccinated) study further, in tuberculo-allergic hypersensitive animals, the local effects of tuberculin reactions on (a) the reaction to the tubercle bacilli at the sites of such local reactions, and (b) the subsequent fate of the bacilli in so far as this could be determined from the resulting generalized disease in the animals. In order to elimi-nate as far as possible the specific immunity effects, tuberculo-allergic hypersensitiveness was produced in guinea-pigs by injecting killed tuberde bacilli suspended in mineral oil.8
After failing to induce a satisfactory tuberculin-like inflammation by other means, Krause and Willis'" in 1920 resorted to the inoculation of living tuberde bacilli into areas of the skin which were undergoing various stages of the tuberculin reaction. They were obliged to work with tuberculous animals at that time, but a certain comparison was possible by using the normal non-reacting skin of similarly re-infected guinea-pigs for comparison. Their deductions were as follows: both allergy and immunity were reduced at the site of an inflammatory tuberculin reaction for at least four days after the application of tuberculin; they were more reduced by inflammatory tuberculin reactions at places which are within the lymphatic drainage area of tuberculous foci than at places which are not so situated; they are reduced to a greater extent shortly (one or two days) after the application of tuberculin than at a later time (four days after tuberculin). They concluded that "the part played by the inflammation of the allergic reaction considered purely by itself, remains undisclosed." Although the experiment was crudely performed, and used bacilli with properties poorly defined, this work, when viewed in the light of the period, represented a notable advance, particularly since this problem has not been studied any more effectively since that time. They lacked, however, the modern knowledge on the virulence of tubercle bacilli, specific tuberculoimmunity, and the ability to quantitate their experiments to discern better the various ramifications of the interacting relations. In the following recorded experiments, and in other preliminary tests not recorded here, these have been supplied.
In the following experiment on the effect of the local allergic reaction on tuberculosis, three groups of animals were included: (c) These animals were injected intracutaneously with tuberculin 24 hours before bacilli were injected, also intracutancously, into the tuberculin site.
(d) In these animals the interval between the intracutaneous injection of tuberculin and of bacilli was 48 hours instead of 24 hours as in (c).
Each guinea-pig in the three groups (1, 2, and 3) was injected intracutaneously as outlined in a, b, c, and d, so that in duplicate on each side of the midline on the ventral side 3 different amounts of virulent human tuberde bacilli (H 160) were injected. The actual amounts of bacilli injected were 0.001 mg., 0.000,01 mg., and 0.000,000,1 mg. Careful readings of the local lesions were recorded by photographing the animals under the same conditions of magnification, etc., and the glandular readings were recorded by approximate palpation measurement. Sixty-one days after virulent infection, the animals were sacrificed and the amount of generalized tuberculosis was noted.
Since the major findings in this experiment can be summarized by taking note of the most pertinent intervals and illustrating these by selected photographs rather than by tabulating the detailed measurements of the lesions, this method is chosen here. Figures  1 to 8 portray the changes noted in each set at periods of 2 days, 1, 2, 4, and 8 weeks, and in the internal organs at postmortem 61 days after the multiple intracutaneous infections. The skin photographs were all taken at the same magnification so that comparative sizes are presented. The pertinent findings were: (a) the skin sites in the control animals (only infected intracutaneously, Fig. 1 ) showed no appreciable visible lesions with any of the amounts of the virulent tubercie bacilli until the second week, after which the reactions in all sites rapidly progressed; (b) the sites in the allergic (oil-heated sensitized, Fig. 2 ) and in the specfic allergic and immune (vaccinated with viable avirulent bacilli, Fig. 5 ) guinea-pigs developed to the larger amount of baclli (0.001 mg.) an immediate reaction and a nodule which persisted and progressed only comparatively slowly. In the latter two groups, it is noteworthy that while the lesions to the §maller amounts of baclli progressed in the specific allergic animals (Fig. 2) , no such progression was noticeable in the specific allergic and immune animals (Fig. 5) . These same effects reflected as presence or absence of adenopathy were indicated in the tributary glands, axillary and inguinal, draining the multiple skin lesions. The postmortem findings also reflect this effect in that there was no internal organic tuberculosis in the specific allergic immune guinea-pigs while the specific allergic guinea-pigs revealed definite splenic involvement though perceptibly less than the control animals.
A comparison of the lesions which developed in the tuberculin site when tuberculin was injected coincidently with the bacilli or when injected into the site of the tuberculin reaction after 24 or 48 hours shows that the coincident injection results in a slightly more progressive local lesion than when the bacilli are injected 24 or 48 hours later. After 48 hours, there appears to be an appreciable retardation in the local lesion. However, the internal tuberculosis is appreciably augmented if bacilli are injected 24 hours (a greater effect occurs when the interval is 48 hours) or more after the tuberculin has been injected; this was noticeable both in the specific allergic and specific allergic and immune guinea-pigs. In view of the fact that these results appeared complicated by the multiple intracutaneous injections and lesions, it seemed desirable to note further whether these findings would be borne out in the case of a single injection. In order to note this, the foregoing experiment was practically duplicated, but only a single intracutaneous injection (0.01 mg.) of virulent human tubercle bacilli (H 160) was given and, in addition, the effect of tuberculin immunization (desensitization) against the specific allergy was observed in two additional sets of guinea-pigs-the specific allergic, and the specific allergic and immune animals. The larger amount (0.01 mg.) used for the bacillary intracutaneous injection was chosen because this is a tubercle-forming amount of bacilli for a normal guinea-pig.
The findings disclosed that essentially it made little difference whether multiple intracutaneous injections of virulent tuberde bacilli were given or a single large injection (above the threshold of tubercle formation) was used so far as the specific allergic condition or the specific allergic and immune condition was reflected in the effect of the local tuberculin injection upon the reaction to the bacilli. While the skin lesion developed earlier in the specific allergic and specific allergic and immune guinea-pigs, it was decidedly less progressive even with this large dose as compared with the lesion in the normal guinea-pigs, a lesion which appeared later and progressed more rapidly after its appearance. However, the significant and striking feature of this experiment was the fact (as shown in Fig. 9 ) that while tuberculin desensitization or immunization against the specific allergic tuberculin reaction abolished the local effect to tuberculin in both the specific allergic sensitized (heated bacilli in oil) and the specific allergic and immune vaccinated (with viable avirulent tuberde bacilli) guinea-pigs, it did not abolish the accentuated specific allergic bacillary hypersensitiveness, since the reactions to the bacilli were no different in the tuberculin desensitized animals than they were in the animals not desensitized (or immunized) against tuberculin. The tuberculin injected for desensitization was given intravenously every 5 days for 7 injections, using 0.1 cc. of a natural Seitz filtrate containing 0.07 mg. tuberculoprotein,18 and initiated at time of injection of the oil or avirulent bacilli. Because of the large amount of virulent bacilli used intracutaneously in single injection, the effects of local tuberculin injection coincident, and 24-and 48 hours prior to the injection of the bacilli were not as evident, though they corroborated the findings previously noted. However, the findings in the internal organs are presented in Figs. 10 and 1 1, and they strikingly confirm those noted in the organs following the multiple intracutaneous injections. In comparison with the findings 53 days after injection of the virulent tubercle bacilli (0.01 mg. H 160) in the control animal infected only intracutaneously and revealing a well-marked splenic tuberculosis (with multiple large discrete tuberdes), the specific allergic (dead tubercle bacilli in oil) guinea-pigs (Fig. 10) revealed no appreciable splenic tuberculosis regardless of whether they were or were not desensitized by means of tuberculin (tuberculoprotein). However, when the non-desensitized animals were injected intracutaneously coincident with tuberculin locally, an absence of splenic and organic tuberculosis was noted, but if the tuberculin site had existed for 24 or 48 hours, splenic and organic involvement again became evident, as in the previous experiment with multiple skin injections. In the case of the specific tuberculo-immune animals (vaccinated with viable avirulent bacilli), the same findings were obtained though they were less evident because of the effect of the combined allergic and immune phenomena (Fig. 11) . While the organs, including the spleen, were free from tuberculosis in both the non-desensitized and tuberculin desensitized specific immune animals, the injection of the bacilli coincidently with the tuberculin intracutaneously did not change this; but when the bacilli were injected 24 or 48 hours after the local tuberculin injection and into the reacting site, a small amount of splenic involvement became evident (Fig. I 1) . The -amount of tuberculin used locally in the skin (0.1 cc. of a 1:100 dilution of natural Seitz filtrate = 0.0007 mg. tuberculoprotein) was enough to produce a definite erythematous edematous reaction of about 1 to 2 cm. in diameter in a guinea-pig which had received 1 mg. of viable avirulent human tubercle bacilli subcutaneously from 1 to 3 months prior to the tuberculin test, and enough to cause a definitely more intense reaction, with necrosis at times, in a guinea-pig with specific allergy (caused by the subcutaneous injection of 1 mg. of heat-killed bacilli in 1 cc. of light mineral oil).
In view of these findings, which might appear to contradict each other, certain facts must be recognized. One of these is the obvious factor that the pathogenicity of even highly virulent human or bovine tubercle bacilli is materially reduced by intracutaneous as contrasted with subcutaneous or other internal infection. This retarding influence, due to the route of infection, permits the interplay of factors which only become strikingly evident when much smaller infecting amounts are used subcutaneously. It is thus that specific tuberculo-immunity, which requires at least from 2 weeks to 2 months to develop fully, depending on the amount of bacilli present initially or at a certain time, may play a decisive part in the final results. Likewise, the specific tuberculo-bacillary and tuberculin allergy, recognized from these observations as two separate reactions, the latter, the tuberculin allergy, probably not playing a practical part in the disease tuberculosis, may give rise experimentally to a reaction which may alter the picture through its effect upon the bacilli locally introduced. It is this effect which is not clearly understood and which may cause difficulty in interpretation. We suggest the possibility of one of two, or both, reactions as the basis for the effect noted. The very reaction itself may produce a dilution of the bacilli introduced and thus alter decidedly their infectibility. As another possibility, injury to body cells produced by the reaction may make the injured cells a more fertile soil for growth of the bacilli and the vascular reaction results in a more ready spread of the bacilli internally without causing an evident effect at the site itself. This would explain the lack of effect when tuberculin and bacilli are introduced into the skin coincidently, when both dilution and reaction must come into play. However, when injury has progressed, for 24 or 48 hours, to a maximum, dilution is no longer feasible and injury is at a high level while vascularity also is increased. These factors would tend both to propagate virulent bacilli and to spread them along vascular channels.
Attempt to immunize against bacillary allergic hypersensitiveness It is a well-known fact that progressive virulent infection enhances specific tuberculo-allergic hypersensitiveness, both to a reaction to tuberculin and to bacilli. Likewise, in previous experiments it was found that repeated injections of even small amounts of avirulent human tuberde bacilli into guinea-pigs decidedly enhanced specific tuberculo-allergic hypersensitiveness to tuberculin and bacilli. However, certain preliminary experiments seemed to show that the intravenous use of heat-killed tubercle bacilli decreased the hypersensitive reaction, and further experimentation was necessary to explain this effect.
The following brief of this experiment, which will appear in full elsewhere, discloses the fact that when specific immune and tuberculo-allergic guinea-pigs (produced by the injection of viable avirulent human tubercle bacilli) or specific allergic hypersensitive guinea-pigs (produced by the injection of heat-killed bacilli in mineral oil) are injected intravenously with heat-killed tubercle bacilli in small well-tolerated amounts (0.1 mg.) at intervals of 5 days for 11 injections, the initial injections beginning with vaccination, there appears to be a retardation in the development of the allergic hypersensitive response to the intracutaneous inj ection of viable human bacilli. This is true despite the facts that the animals appear normal generally and have gained weight equally to normal controls fed in the same way. However, on postmortem, these animals disclose a splenomegaly, due to the dead bacilli introduced into the blood, and which may serve to explain the diminished reaction, since similar animals, both specific immune and specific allergic, given like repeated subcutaneous injections of dead tubercle bacilli do not disdose this retarding effect on the bacillo-allergic hypersensitive skin reaction resulting from the intracutaneous injection of viable tubercle bacilli. On the other hand, a definite accentuation of the allergic hypersensitive skin response to viable tubercle bacilli occurred in specific immune and allergic guinea-pigs and in specific allergic guinea-pigs which were given repeated injections of either viable avirulent human tubercle bacilli or dead tuberde bacilli in mineral oil. The latter two preparations contained specific allergic sensitizing antigens in ample amounts as compared with the paucity of such antigens in heat-killed tuberde bacilli.
Summary and concluos and tuberculo-allergic hypersensitive guinea-pig. Virulent humran bacilli (dosage as above) were intracutaneously injected into sites which. 24 hours earlier, had received intractutaneously 0.000,7 mg. of tuberculoprotein. a=2 days; h=1 week; c=2 weeks; d=4 weeks; e=8 weeks Note in (a) the remnant of the tuberculiin reaction (after 3 days), and the m,arked retardation of all skin lesions. There was definite evidence of splenic tuberculosis at 61 days, indicating a general spread of the disease. Compare with the case of the specific immune guinea-pig (Fig. 5) and with that where the virulent bacilli and tuberculin were injected coincidently (Fig. 6 ).
I.i C FIG 8 The development of skin lesions (a to e) in a specific immule (produced as in Fig. 5 ) and tuberculo-allergic hypersensitive guinea-pig. Injections of virulent bacilli and of tuberculoprotein as in Fig. 7 , but with the interval 48 hours. a=2 davs; b=1 week; c=2 weeks; d=4 weeks; e=8 weeks Note the remaining tuberculin effect in (a) (4-day reaction). and the marked retardation of all skin lesions. In (f) there is definite evidence of an accentuated splenic tuberculosis, 61 days after the virulent infection. a=internal tuberculosis in a control guinea-pig (Fig. 10 a) . b=specific immune (vaccinated with viable avirtilent human bacilli) pig, 53 days after intracutaneous infection; no internal tuberculosis. c=specific immune and tuberculin desensitized pig; 53 days; no internal tuberculosis. The light areas in the lungs are non-ttuberculous artefacts. d=specific immune and allergic pig; intracutaneous coincident injection of virulent bacilli and tuberculin; no internal tuberculosis.
e=bacilli injected intracutaneously into 24-hour reacting tuberculin site; a few splenic tubercles.
The light spots on the lungs are non-tuberculous artefacts.
f=like e. except with a time interval of 48 hcurs. 
